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	SUMMARY

	The ACMA has released a consultation looking at options to introduce wireless broadband in the 3700-4200 MHz band in Australia. The consultation includes a compatibility study between wireless broadband and radio altimeter. 

The results of the study, and other international studies, are highly sensitive to parameters of both the radio altimeter and wireless broadband systems. 

It is important that work in developing interference rejection characteristics for RA progress in the FSMP.


1. INTRODUCTION

1.1 The Australian spectrum regulator (the ACMA) has released a consultation looking at options to introduce wireless broadband (WBB) in the 3700-4200 MHz band
. Included in the consultation is a compatibility study between WBB and radio altimeter (RA) to show how WBB and RA can coexist in adjacent bands. The paper notes that ICAO is yet to complete studies and notes that results are highly sensitive to certain parameters of both the RA and WBB systems.  
2. DISCUSSION

2.1 The ACMA recently released a consultation looking at options to introduce wireless broadband (WBB) in the 3700-4200 MHz band. The consultation considers three planning options, with each option providing a 200/300 MHz guardband between 5G and RA. The consultation also includes a compatibility study between WBB and RA to show how WBB and RA can coexist in adjacent bands. 
2.2 The results of the ACMA compatibility study (both static and dynamic analysis) are compared against similar studies by Ofcom and Japan MIC, and the AVSI study submitted to the FCC. The study notes that results and review of the other international studies are highly sensitive to certain parameters of both the RA and WBB systems. 
2.3 As per Recommendation ITU-R M.2059, the ACMA study considered the three interference mechanisms involving RA compatibility (receiver front-end overload, receiver desensitisation and false altitude reports). RA type A3 in Table 1 of Rec. ITU-R M.2059 was used in the study as it has the worst overload threshold (providing little attenuation to signals outside the 4200-4400 MHz band). It was found that the potential for overloading radio altimeters is highly dependent on the characteristics of the RF front end filter assumed. The ACMA study suggests that assumptions about altimeter performance are too conservative as no interference has been reported from existing 4G/5G deployments below 3700 MHz or from services with similar technical arrangements deployed above 4400 MHz.
2.4 The FSMP has been tasked to develop a RA selectivity mask (out-of-band interference susceptibility and rejection characteristics) to define suitable protection requirements for operations of the RA from harmful interference caused by non-aeronautical systems operating in adjacent frequency bands (refer FSMP job card FSMP.006.01). At this time this work has not progressed significantly in the FSMP.
2.5 This consultation is just one example of how regulators around the world wish to accommodate WBB in bands adjacent to RA. To ensure the operation of RA is protected the technical characteristics and assumptions used for RA in compatibility studies between WBB and RA need to be better defined.
3. CONCLUSION
3.1 This document is provided for information to the FSMP membership, and seeks any information on similar initiatives and compatibility studies between WBB and RA within other ICAO member states. Further, the document requests the FSMP progress its work in developing radio frequency and interference rejection characteristics for RA.
— END —


[image: image1.emf]WBB and RA  compatibility study


� � HYPERLINK "https://www.acma.gov.au/consultations/2020-07/planning-options-3700-4200-mhz-band-consultation-222020" �https://www.acma.gov.au/consultations/2020-07/planning-options-3700-4200-mhz-band-consultation-222020� 





(2 pages)

FMSP-WG10-IP03_Consultation on replanning the 3700-4200 MHz band.doc





Wireless broadband and radio altimeter compatibility study

Spectrum planning paper

Contents

[image: ]

july 2020

[image: acma.gov.au]

Canberra

Red Building 
Benjamin Offices
Chan Street 
Belconnen ACT

PO Box 78
Belconnen ACT 2616

T	+61 2 6219 5555
F	+61 2 6219 5353

Melbourne

Level 32 
Melbourne Central Tower
360 Elizabeth Street 
Melbourne VIC

PO Box 13112
Law Courts 
Melbourne VIC 8010

T	+61 3 9963 6800
F	+61 3 9963 6899

Sydney

Level 5 
The Bay Centre
65 Pirrama Road 
Pyrmont NSW

PO Box Q500
Queen Victoria Building 
NSW 1230

T	+61 2 9334 7700 or 1800 226 667
F	+61 2 9334 7799

Copyright notice

[image: by]

https://creativecommons.org/licenses/by/4.0/

With the exception of coats of arms, logos, emblems, images, other third-party material or devices protected by a trademark, this content is made available under the terms of the Creative Commons Attribution 4.0 International (CC BY 4.0) licence. 

We request attribution as © Commonwealth of Australia (Australian Communications and Media Authority) 2020.

All other rights are reserved.

The Australian Communications and Media Authority has undertaken reasonable enquiries to identify material owned by third parties and secure permission for its reproduction. Permission may need to be obtained from third parties to re-use their material. 

Written enquiries may be sent to:

Manager, Editorial Services
PO Box 13112
Law Courts
Melbourne VIC 8010
Email: info@acma.gov.au













Executive summary	1

About the study	2

Background	2

Aim		2

Methodology	2

Interference mechanisms	4

Interference calculations	5

Static analysis	7

Study geometry	7

Base station and UE use case parameters	8

Radio altimeter parameters	12

Antenna elevation patterns	14

Static scenarios interference potential results	17

Observations from the potential interference results	27

Dynamic analysis	28

Dynamic study geometry and parameters	28

Dynamic study results	29

Study comparison	33

Ofcom study	33

Japan MIC study	34

Study submitted to the FCC	35

		



		Contents (Continued)



		







		



		Contents (Continued)



		









acma	 |	iii



acma	 |	iv



acma	 |	v



[bookmark: _Toc45791682]Executive summary

Radio altimeters are an essential component of aeronautical safety-of-life systems[footnoteRef:1]. Wireless Broadband (WBB) services in nearby frequency ranges have the potential to cause interference to radio altimeter receivers operating in the 4200–4400 MHz band via three different technical mechanisms (overload, desensitisation and false altitude reports).  [1:  From a) of https://www.itu.int/rec/R-REC-M.2059/en ] 


This study concludes that Macro Base Stations (BS), small cell BS and User Equipment (UE), i.e. handsets, may have some potential to cause interference under certain assumptions. The study results and review of other international studies are noted to be highly sensitive to certain parameters of both the altimeters and WBB systems. Consequently, for real world applications, it is not yet clear how the potential interference identified in these studies translates into an actual risk to these systems.

The WBB frequency range examined includes 3575–3700 MHz that is already re-allocated to WBB in specific geographical areas under the 3.6 GHz spectrum auction,[footnoteRef:2] and the 3700–4200 MHz band whose arrangements are currently being reviewed via this options paper. [2:  https://www.acma.gov.au/theACMA/3-6-ghz-band-spectrum-auction-results ] 




[bookmark: _Toc285789710][bookmark: _Toc285791789][bookmark: _Toc43374459][bookmark: _Toc44683872][bookmark: _Toc45791683]About the study

[bookmark: _Toc43374460][bookmark: _Toc44683873][bookmark: _Toc45791684]Background

[bookmark: _Ref13132998][bookmark: _Ref39760864]The compatibility of WBB with radio altimeters in the 4200–4400 MHz band was identified in the development of the 3700–4200 MHz initial discussion paper.4 Available international research on the subject[footnoteRef:3],[footnoteRef:4],[footnoteRef:5],[footnoteRef:6] is not entirely consistent, hence it was identified that more analysis was required to understand the issue in an Australian context. [3:  ICAO paper https://www.icao.int/safety/acp/ACPWGF/ACP-WG-F-30/ACP-WGF30-WP14%20Radio%20Altimeter%20Adjacent%20Bands%20Compatibility%20Study%20with%20IMT-FINAL%20Rev1.docx.]  [4:  An ICAO RPG presentation in 2018 indicated that the ICAO paper is still the best study https://www.icao.int/NACC/Documents/Meetings/2018/RPG/RPGITUWRC2019-P08.pdf.]  [5:  https://ieeexplore.ieee.org/document/7943543.]  [6:  Japan study summary for ICAO https://www.icao.int/safety/FSMP/MeetingDocs/FSMP%20WG7/IP/FSMP-WG07-IP06_RA%20compatibility%20study_rev1.doc.] 


Consequently, a preliminary compatibility study has been undertaken by the ACMA to quantify the interference to radio altimeters from WBB services in adjacent, or near adjacent, frequency bands.

[bookmark: _Toc43374461][bookmark: _Toc44683874][bookmark: _Toc45791685]Aim

The aim of the study is to quantify the potential interference from WBB services operating in the 3700–4200 MHz band into radio altimeters operating in the 4200-4400 MHz band, and to propose interim mitigation methods for further discussion and development.

[bookmark: _Toc43374462][bookmark: _Toc44683875][bookmark: _Toc45791686]Methodology

Several WBB use cases were developed to use in the study:

A macro suburban base station (BS), representing a typical Australian deployment scenario, near an airport where an aircraft is landing, using both Active Antenna Systems (AAS) and non-AAS.

A static mobile UE handset, not using beamforming, operating near an airport.

A small cell outdoor base station near an airport representing supplementary coverage to a macro base station.

A dynamic case where multiple UEs are randomly located in the service area of a macro suburban BS near an airport, using both Active Antenna Systems (AAS) and non-AAS for the BS only (not the UEs).

A single radio altimeter use case was used in the study, representing the approach of an aircraft to land at an airport directly above a base station. This is likely to represent the worst case.

Note that other use cases may also be appropriate but were not examined in this study. This includes helicopter approach, UE use within an airport terminal or on the tarmac, base station deployment within an airport precinct or a fixed WBB outdoor UE near an airport.

The Static analysis section details the full methodology and results of the study in a static scenario analysed using Microsoft Excel models.

The Dynamic analysis section summarises the dynamic scenario analysed using interference analysis software (Visualyse).

The Study comparison section examines other international studies in this area to determine why the conclusions might be different. 




[bookmark: _Toc43374463][bookmark: _Toc44683876][bookmark: _Toc45791687]Interference mechanisms

Recommendation ITU-R M.2059-0 Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz identifies three interference mechanisms that should be considered in any compatibility study involving radio altimeters. These are:

Receiver font-end overload: This occurs, through saturation of the radio altimeter receiver, when enough power, out of band of the radio altimeter receiver, is present. As per Table 3 in ITU-R M.2059-0, a modest front-end filter is assumed to provide limited rejection of signals out of band to the altimeter.

Receiver desensitisation: This occurs when out of band power from a base station or UE falls into the Intermediate Frequency (IF) bandwidth of the radio altimeter receiver. This interference mechanism is unlikely to be critical in aircraft landing, as the radio altimeters transmit signal will be strong and not near the receiver threshold due to the low height above ground.

False altitude reports: This mechanism is described in section 2.3 of ITU-R M.2059-0. In summary, when spurious products are >-143 dBm/100 Hz at the radio altimeter frequency, or overload is occurring, interference may result in incorrectly reported altitudes. Note that false altitude reports are only applicable for FMCW (analog) radio altimeters. FMCW radio altimeters are still widely used in the civilian aviation industry. For example, the Thales ERT540 and ERT550 radio altimeters use FMCW[footnoteRef:7] and are widely used on Airbus and Boeing aircraft.[footnoteRef:8] False altitude reports are especially important in that altitude reported by the radio altimeter can be used to automate certain functions while landing such as auto throttle-retard and auto-flare.[footnoteRef:9] [7:  For example see emission designators registered with the FCC KVJERT540 grant and KVJERT550 grant ]  [8:  See https://www.icao.int/safety/acp/ACPWGF/ACP-WG-F-25/ACP-WGF25-IP07_Appendix2_FMG15%20PPT02%20Airbus%20Erroneous%20Radio%20Altitudes.pdf and https://www.thalesgroup.com/en/communication-and-navigation-commercial-aircraft ]  [9:  https://safetyfirst.airbus.com/app/themes/mh_newsdesk/documents/archives/radio-altimeter-erroneous-values.pdf ] 


Note that this study only estimates exceeding the -143 dBm/100 Hz level and not the ‘overload’ false detection case. That is assessed via the overload mechanism analysis.




[bookmark: _Toc43374464][bookmark: _Toc44683877][bookmark: _Toc45791688]Interference calculations

For the aircraft approach to land use case, the link budget from the interferer to the radio altimeter receiver is calculated as follows, reproduced from the ICAO study:

[image: ]

For the receiver overload mechanism, the full interferer power is used for PTX and the altimeter filter rejection is used. For the other interference mechanisms, the transmitter out of band power appearing at the altimeter frequency in the appropriate bandwidth is used.

The incident angles for the antennas is calculated using Euclidean geometry for the specific use case, with the radio altimeter antenna incident angle including adjustment for the assumed aircraft pitch angle.

[bookmark: _Toc43374465][bookmark: _Toc44683878]Radio altimeter received level estimation

For the aircraft approach to land use case, a formula[footnoteRef:10] for radar clutter was used to estimate the return signal level to the altimeter: [10:  Eg from https://en.wikipedia.org/wiki/Clutter_(radar) which staff have proven can be derived from the equations in DSTO-RR-0273, with simplifying assumptions around vertical incidence and using the radar equation on p17 of https://faculty.nps.edu/jenn/Seminars/RadarFundamentals.pdf] 


[image: ]

Where:

C = returned power level (W)

Pt = radio altimeter transmitter power (W)

G = radio altimeter net isotropic antenna gain, assumed the same for both transmit and receive (arithmetic, not log)

λ = wavelength (m)

R = distance from radar to ground (m)

θº = radio altimeter antenna 3dB beamwidth (degrees)

σº = backscatter coefficient (m2/m2 including pattern propagation factor)

Appropriate figures for radio altimeter A3 were taken from ITU-R M.2059-0, and the relevant height of the aircraft above the ground used for R.

A backscatter coefficient of 3.16 (5 dB) was used, a lower bound representative value taken from DSTO-RR-0273 figures 26, 27 or 30 for high grazing angles in grassland, bare soil, shrub or urban areas, as is likely the case for a radio altimeter near an Australian airport.

[bookmark: _Static_analysis][bookmark: _Ref13131922][bookmark: _Toc43374466][bookmark: _Toc44683879][bookmark: _Toc45791689]Static analysis

[bookmark: _Toc43374467][bookmark: _Toc44683880][bookmark: _Toc45791690]Study geometry

Figure 1 represents the geometry used for the studies in relation to an aircraft on approach. It is taken from a similar ICAO study3.

Figure 1: Study geometry

[image: ]

A base station (BS) is set at the minimum distance within the ICAO limit of obstruction height for the height of the BS. For the macro suburban case this is 1600 m from the touchdown point, and for the small cell case is 650 m from the touchdown point. For the UE use case, it is set at 1.5 m high, 500 m from the touchdown point.

An aircraft on approach is set to a 3-degree glideslope, with a 2-degree pitch, as per the ICAO study.3

For the study, it is assumed that the aircraft approaches to land directly over the BS or UE. This may not necessarily represent the worst-case geometry for potential interference but is straightforward to analyse.

[bookmark: _Hlk13138040]


[bookmark: _Toc43374468][bookmark: _Toc44683881][bookmark: _Toc45791691]Base station and UE use case parameters

[bookmark: _Ref13137977]

Base Station and UE parameters

		Parameter

		Macro suburban

		Small cell/micro urban

		UE

		Notes



		BS/UE frequency upper bound

		4200 MHz,
3700 MHz

		4200 MHz,
3700 MHz

		4200 MHz,
3700 MHz

		Worst case for 3700–4200 MHz band 

Worst case for 3.6 GHz band



		Bandwidth

		5 MHz

		5 MHz

		5 MHz

		Exact bandwidth does not affect the interference potential with the specific mechanisms as it exceeds the altimeter IF bandwidth



		Antenna height

		25 m

		6 m

		1.5 m

		From M.2292-0[footnoteRef:11] for BS and M.2101-0[footnoteRef:12] for UE [11:  https://www.itu.int/pub/R-REP-M.2292-2014 ]  [12:  https://www.itu.int/rec/R-REC-M.2101/en ] 




		Non-AAS sectorisation

		Yes

		No

		n/a

		From M.2292-0



		Non-AAS antenna down tilt

		6 degrees

		0 degrees

		n/a

		From M.2292-0. This assumes that antenna performance is similar out of band to in-band, which may not be the case



		Non-AAS antenna vertical pattern

		Recommendation ITU-R F.1336[footnoteRef:13] peak sidelobe [13:  https://www.itu.int/rec/R-REC-F.1336/en ] 


(recommends 3.1)

kp = 0.7

kv = 0.3

Horizontal 3 dB beamwidth:

65 degrees

Vertical 3 dB beamwidth:

determined from the horizontal

beamwidth by equations in

Recommendation ITU-R F.1336.

		Recommendation ITU-R F.1336 omni peak sidelobe

		Omni-directional 

		From M.2292-0. This assumes that antenna performance is similar for out of band to in-band, which may not be the case



		Non-AAS antenna polarisation

		Co-polar with radio altimeter

		Co-polar with radio altimeter

		Co-polar with radio altimeter

		Worst case



		Non-AAS TRP

		48 dBm 

		24 dBm

		23 dBm

		For macro, to limit Total Radiated Power to the 3.4 GHz spectrum licence limit of 48 dBm/5 MHz. Other limits based on 3GPP TS 38.101 (UE) and 3GPP TS 38.104 (small cell)



		Non-AAS max antenna gain

		18 dBi

		5 dBi

		-4 dBi

		From M.2292-0. This assumes that antenna performance is similar for out of band to in-band, which may not be the case



		Non-AAS average base station activity

		100%

		100%

		100%

		Assumed heavily loaded, (worst case) 



		Non-AAS resultant peak EIRP used in study

		66 dBm

		29 dBm

		19 dBi

		Calculated



		Non-AAS spurious emissions in the 4200–4400 MHz band (TRP)

		-30 dBm/1 MHz

		-30 dBm/1 MHz

		-30 dBm/1 MHz

		3GPP TS 38.101 (UE)

3GPP TS 38.104 (BS)



		Non-AAS spurious emissions in the 4200–4400 MHz band (EIRP)

		-12dBm/1 MHz

		-25 dBm/1 MHz

		-34 dBm/1 MHz

		Peak spurious considering antenna gain. Calculations include the antenna pattern



		AAS sectorisation

		Yes

		N/A

		N/A

		From M.2292-0



		AAS antenna 
down tilt 

		2.0 degrees.

5th percentile worst case down tilt based on a beamforming statistical model:

Random UE distribution in a 500m radius cell with a lognormal distribution UE height around 1.5m. Building height limited by ICAO obstruction height

		N/A

		N/A

		To derive a worst-case elevation pattern



		AAS antenna vertical pattern 

		Modified ITU-R F.1336-5 sector antenna 

Modified to reflect peak lobes of an ITU-R 
M.2101-0 8x8 element beamforming overall array

kp = 0.0

kv = 0.2

Horizontal 3 dB beamwidth:

13 degrees

Vertical 3 dB beamwidth:

determined from the horizontal

beamwidth by equations in

Recommendation ITU-R F.1336.

Derived peak gain 23.06dBi

		N/A

		N/A

		From M.2101-0,[footnoteRef:14] the aggregate array pattern is optimistic as complete nulls exist at 90 degrees elevation. Adopted a peak lobe approach based on that pattern. [14:  https://www.itu.int/rec/R-REC-M.2101/recommendation.asp?lang=en&parent=R-REC-M.2101-0-201702-I ] 


Figures 4 and 5  beamforming patterns used as input to derive peak sidelobe pattern at Figure 6. 



		AAS antenna polarisation

		Co-polar with radio altimeter

		N/A

		N/A

		Worst case



		AAS TRP 

		48 dBm 

		N/A

		N/A

		To limit Total Radiated Power to the 3.4 GHz spectrum license limit of 48 dBm/5 MHz 



		AAS max antenna gain (note 1)

		23 dBi

		N/A

		N/A

		From M.2101-0. This assumes that antenna performance is similar out of band to in-band, which may not be the case



		AAS average base station activity

		100%

		N/A

		N/A

		Assumed heavily loaded 



		AAS resultant peak EIRP used in study (note 1)

		71 dBm

		N/A

		N/A

		Calculated from peak antenna gain



		AAS spurious emissions in the 4200–4400 MHz band (TRP)

		-21 dBm/1 MHz

		N/A

		N/A

		3GPP TS 38.104



		AAS spurious emissions in the 4200-4400 MHz band EIRP (note 1)

		2 dBm/1 MHz

		N/A

		N/A

		Calculated from peak antenna gain





Note 1: For the purpose of studies conducted in this paper, it has been assumed that an AAS out-of-band antenna pattern is the same as the in-band pattern. Depending on the actual frequency separation, it is recognised this may not be the case in practice, particularly for large frequency separations. In cases where the main beam points at radio altimeters, this assumption will result in a worst-case analysis. However, it may underestimate interference for cases where interference is caused by antenna side-lobes. Consequently, the ACMA intends to expand this study to also consider the case where beamforming outside the band is no longer correlated. As this issue only affects antenna performance in adjacent bands, it is not expected to affect the results of overload studies, which is the most important mechanism in this scenario. 




[bookmark: _Toc43374469][bookmark: _Toc44683882][bookmark: _Toc45791692]Radio altimeter parameters

Table 2 details the radio altimeter parameters used in the study. These figures are for radio altimeter A3 under ITU-R M.2059-0 as it represents the worst overload case and has been used in other studies.

Radio altimeter parameters

		Parameter

		Value

		Notes



		Frequency

		4300 MHz

		Nominal centre under ITU-R M.2059-0[footnoteRef:15] [15:  https://www.itu.int/rec/R-REC-M.2059/en ] 




		Rx sensitivity

		≤-120 dBm

		[bookmark: _Hlk43214976]From radio altimeter A3 under ITU-R M.2059-0. This altimeter type has the worst overload threshold, and consequently is use for all cases



		Noise figure

		6 dB

		From radio altimeter A3 under ITU-R M.2059-0



		Threshold rx overload

		-56 dBm

		From radio altimeter A3 under ITU-R M.2059-0



		Largest IF bandwidth

		2 MHz

		From radio altimeter A3 under ITU-R M.2059-0



		Antenna gain

		13 dBi

		From ICAO study



		Antenna vertical pattern

		As per P9 in ICAO study

		From ICAO study



		Cable loss

		6 dB

		From ICAO study



		-3dB beamwidth

		60 degrees

		From ICAO study



		Protection criteria for rx desensitisation (I/N)

		-6 dB

		From ITU-R M.2059-0



		Protection criteria for false altitude report 

		<-143 dBm/100 Hz

		From ITU-R M.2059-0



		Front end filter

		As per Figure 9 

		From ITU-R M.2059-0







Figure 2: Radio altimeter selectivity
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[bookmark: _Toc43374470][bookmark: _Toc44683883][bookmark: _Toc45791693]Antenna elevation patterns 

Figure 3 to Figure 8 detail the antenna vertical radiation patterns used in the study.

[bookmark: _Ref13140205]Figure 3:		Non-AAS Macro suburban antenna elevation



Figure 4:	AAS Macro suburban antenna elevation steered to 2 degrees 
below horizon 
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[bookmark: _Ref22736367]Figure 5:	AAS Macro suburban elevation steered to 10 degrees below horizon
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[bookmark: _Ref22736383]Figure 6: 	Macro suburban AAS peak sidelobe pattern used in study
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[bookmark: _Ref22736414]Figure 7:	Micro urban antenna elevation 



[bookmark: _Ref13140211]Figure 8:	Radio altimeter antenna elevation from vertical





[bookmark: _Toc43374471][bookmark: _Toc44683884][bookmark: _Toc45791694]Static scenarios interference potential results

The various use cases were analysed using Microsoft Excel, and the results are presented in Figure 9 to Figure 16. Potential interference is summarised in Table 3.

Interference potential summary

		Use case

		Overload

		[bookmark: _Ref22724253]Desensitisation[footnoteRef:16] [16:  Assuming trying to protect the radio altimeter receiver to very low levels, rather than likely levels.] 


		False altitude reports



		Non-AAS Macro suburban BS up to 4200 MHz

		Overload between 1400–1900 m from touchdown[footnoteRef:17] [17:  With an aircraft speed of 120 knots, appropriate for a cat C aircraft approach, this means an interference period of at most 8 seconds.] 


		Desensitisation from 1600-1700 m from touchdown

		No false altitude reports likely



		Non-AAS Macro suburban BS up to 3700 MHz

		Overload between 1500–1800 m from touchdown

		Desensitisation from 1600-1700 m from touchdown

		No false altitude reports likely



		AAS Macro suburban BS up to 4200 MHz

		Overload between 500–2400 m from touchdown[footnoteRef:18] [18:  With an aircraft speed of 120 knots, appropriate for a cat C aircraft approach, this means an interference period of at most 30 seconds. ] 


		Desensitisation from 1400-1800 m from touchdown

		False altitude reports between 1550–1650 m from touchdown



		AAS Macro suburban BS up to 3700 MHz

		Overload between 900–1900 m from touchdown

		Desensitisation from 1400-1800 m from touchdown

		False altitude reports between 1550‑1700 m from touchdown



		Small cell BS up to 4200 MHz

		No apparent overload

		Desensitisation around 650 m from touchdown

		No false altitude reports likely



		Small cell BS up to 3700 MHz

		No apparent overload

		Desensitisation around 650 m from touchdown

		No false altitude reports likely



		UE up to 4200 MHz

		Overload between 400–450 m from touchdown

		Desensitisation between 400–450 m from touchdown

		False altitude reports around 425 m from touchdown 



		UE up to 3700 MHz

		Overload around 425m from touchdown

		Desensitisation from 400-475 m from touchdown

		False altitude reports around 425 m from touchdown 







The macro urban AAS interference case plots also include the estimated likely radio altimeter signal level, derived from the backscatter calculations, noting that signal levels will be the same for each interference case. These values vary from -26 dBm 100 m from touchdown, -56 dBm above the base station and -65 dBm at 5 km distance. The conclusion is that, unless some form of power control is used in the radio altimeter, radio altimeter signal levels are likely to be well above the desensitisation or the low level false detection thresholds (even without the presence of an interferer). Performance may be affected by overload, however, at distances close to the runway in this scenario.

[bookmark: _Ref22729003][bookmark: _Toc43374472]The effect of shifting the BS or UE location

Further study was done by changing the UE location for the 4200 MHz case:

Overload interference was still possible in a spot location with the UE up to 
1100 m from the touchdown point.

Receiver desensitisation was still possible in a spot location with the UE up to 1700 m from the touchdown point. 

Further study was done by changing the location of the suburban macro non-AAS BS in the 4200 MHz case:

Overload interference was still possible in a spot location with the BS up to 16000 m from the touchdown point.

Receiver desensitisation was still possible in a spot location with the BS up to 1850 m from the touchdown point.

Further study was done by changing the location of the suburban macro AAS BS in the 4200 MHz case:

Overload interference was still possible in a spot location with the BS up to 15000 m from the touchdown point.

Receiver desensitisation was still possible in a spot location with the BS up to 7000 m from the touchdown point.



Figure 9:	Non-AAS Macro Suburban interference summary, 4200 MHz upper 
BS frequency

 






[bookmark: _Ref13146651]Figure 10:	Non-AAS Macro base station interference summary, 3700 MHz upper BS frequency 
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Figure 11:	AAS Macro Suburban interference summary, 4200 MHz upper 
BS frequency 
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[bookmark: _Ref39829824]Figure 12: AAS Macro Suburban interference summary, 3700 MHz upper BS frequency 







[bookmark: _Ref39829832]Figure 13:	Small Cell interference summary, 4200 MHz upper BS frequency 

	 




Figure 14:	Small cell interference summary, 3700 MHz upper BS frequency

 [image: ]




Figure 15:		UE interference summary, 4200 MHz upper UE frequency 






Figure 16:	UE interference summary, 3700 MHz upper UE frequency 
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[bookmark: _Toc43374473][bookmark: _Toc44683885][bookmark: _Toc45791695]Observations from the potential interference results

[bookmark: _Toc43374474]The effect of interferer antenna elevation pattern

The results are very sensitive to the antenna elevation pointing and pattern of the BS or UE, especially the back/side-lobe levels. Note that the antenna elevation pattern and gain out of band of the BS or UE signal may not be the same as the pattern in-band. Changes in out-of-band pattern and gain will affect the potential for desensitisation and false altitude reports, particularly in the case of AAS. 

It is likely that a beamformed AAS antenna pattern will become less correlated the greater the frequency separation from the intended operating frequency. As frequency separation increase, the actual antenna pattern will start to resemble that of a single antenna element pattern. In cases where the main beam of an AAS points at radio altimeters, assuming beamforming still applies will result in a worst case analysis. However, it may underestimate interference for cases where interference is caused by antenna side-lobes. Consequently, the ACMA intends to expand this study to also consider the case where beamforming outside the band is no longer correlated for macro BS. As this issue only affects antenna performance in adjacent bands, it is not expected to affect the results of overload studies.

The static study does not fully examine the use of Active Antenna Systems (AAS) in the BS and the potential use of beamforming in the UE, due to the complex and varied nature of AAS. The use of AAS has the potential to change the results using the application of dynamic pattern control or beamforming; beamforming in a UE will direct a focussed beam to a BS and reduce the power towards an aircraft under most scenarios. AAS in a BS may also reduce power towards an aircraft under scenarios where the distribution of UEs is below the BS (which is likely to be most common), but where this is not the case the beams may be elevated to the point that the interference potential is worse than this study. 

[bookmark: _Toc43374475]The effect of RF front end filter assumptions

The potential for overloading radio altimeters is highly dependent on the characteristics of the RF front end filter assumed. Studies in this paper assume the worst case contained in ITU-R M.2059-0. This filter provides little attenuation to signals outside the 4200-4400 MHz band. 

With this filter, interference would be expected from existing 5G deployments in the 3400-3700 MHz band as well as mobile services deployed in the 2.1, 2.3 and 2.6 GHz bands. In addition to this, frequencies above 4400 MHz are already being used in Australia for services with similar technical arrangements to those assumed used in this study. The ACMA is not aware of any reports of interference from these services or from WBB services operating below 3700 MHz with no reports of interference. Consequently, it is likely that the parameters in M.2059 are too conservative.

[bookmark: _Toc43374476]The effect of real-world spurious levels

The potential for radio altimeter receiver desensitisation and false altitude reports are very sensitive to the spurious out of band levels from the BS or UE. Whilst it is prudent to assume in this study that levels may reach those permitted via regulation, actual spurious levels may be lower, and are likely to get progressively lower as the radio altimeter receiver and BS or UE frequencies get further apart. 

[bookmark: _Toc43374477]Other observations

As previously observed, the signal levels of the radio altimeter are very high under the modelled scenario, consequently interference via the receiver desensitisation or false altitude report at low signal levels mechanisms may not be applicable.

[bookmark: _Dynamic_analysis][bookmark: _Ref39822730][bookmark: _Toc43374478][bookmark: _Toc44683886][bookmark: _Toc45791696]Dynamic analysis

[bookmark: _Toc43374479][bookmark: _Toc44683887][bookmark: _Toc45791697]Dynamic study geometry and parameters

The geometry used in the dynamic study are the same as for the static analysis, excepting that:

20 UE’s are randomly located within each simulation time step in a 5 km x 5 km square area around a macro BS.

The BS is in the direction of landing at the minimum obstruction height distance of 1.6 km for a 25 m tower.

A plane’s approach is modelled in reverse, for ease of modelling, for a typical Category C aircraft landing [footnoteRef:19] using a speed of ~62 m/s (120 knots) and a climb/descent rate of 3.2 m/s (to match the ILS glide slope in the static model of 3 degrees). [19:  https://en.wikipedia.org/wiki/Aircraft_approach_category ] 


Landing is modelled at Perth airport runway direction of 14 degrees TN as the terrain is reasonably flat.

150 steps of 0.5 ms each are modelled in the dynamic time simulation, to give enough temporal resolution in the results as well as to move the aircraft to the edge of the BS potential coverage area over the course of each simulation.

A single 4200 MHz BS case was used and the A3 radio altimeter front end selectivity mask from ITU-R M.2059-0 has been modelled.

Study parameters are as close as possible to the static case as can be modelled in Visualyse, with the addition of a dynamic beam forming case:

The BS is setup with three sectors at 0, 120 and 240 degrees relative to true north.

Each sector uses the M.2101-0 AAS pattern detailed in the static case and for indicative purposes steers a single beam in each sector to the furthest UE located in the sector in each simulation time period. Whilst not necessarily realistic (more beams may be used per sector) it is considered conservative as this will achieve the worst case due to the low likely beam tilt and hence most likely power directed to the radio altimeter.

At this stage, the UE is not assumed to use beam forming

Area based studies were also completed, and results included for the non-AAS antenna case where an aircraft was moved over the study area, at a height above terrain equivalent to the height above the BS used in the static case. 

Some limitations in the Visualyse software are noted:

Currently, Visualyse does not directly implement the ITU-R F.1336-5 antenna patterns. Consequently, these were manually modelled and converted into the correct Visualyse antenna pattern format.

Visualyse can model radar systems but it does not have a feature to model radar clutter via a backscatter coefficient and illuminated area model. Consequently, the radio altimeter receiver level was not able to be modelled.




[bookmark: _Toc43374480][bookmark: _Toc44683888][bookmark: _Toc45791698]Dynamic study results

Figure 17 indicates a typical geographical layout at the end of a simulation, with:

Perth main runway as a red line

Location of the three sector base station

Location of the 20 UEs during one example time step

Main beam direction for each sector in the AAS case during one example time step

End location of the aircraft (modelled as landing in reverse)

Interference contours (green and red lines around the macro BS) for the non-AAS area study, predominantly the overload mechanism contours.

It can be observed that, for the non-AAS case, that the area overload interference would occur is like that of the static study case. As the aircraft is at a height above that used in the static UE case, there is little observation of overload due to UEs.




Figure 17:	Typical simulation geographical layout

[image: ]

The results of a typical simulation are presented in time in Figure 18, with landing on the left, for four interference mechanisms of interest:

Non-AAS ‘desired radalt overload’ C/I ratio, i.e. non-AAS overload potential

‘desired radalt desens’ C/I ratio, non-AAS desensitisation potential

‘desired radalt false detect’ C/I ratio, non-AAS false detect potential

‘desired radalt overload’ rx for AAS: C/I ratio, i.e. AAS case overload potential.

From the figure it can be observed the reduction in C/I ratio as the aircraft passes over UEs and the major dip in C/I as it passes over the base station.

As discussed in static case, the desense and false detection mechanisms are very likely not applicable due to high radio altimeter receiver levels, so they were not reproduced for the AAS case.

For the non-AAS case the results are very similar, in effect, to the static case, with a period of interference around the base station. For the desense and false detection mechanisms, there are also sharp reductions in interference margin when the aircraft passes over a UE.

Unlike the static case, the dynamic beamforming case shows much less potential for overload interference. This is due to the static AAS case using a fixed, worst case envelope for the antenna pattern. In practice then, in this single BS case, interference may be minimal.

Figure 18:	Simulation results over time

[image: ]

Legend:  – overload margin non AAS			 	– desensitisation margin non AAS

			-- false detection margin non AAS		-- overload margin AAS



Figure 19 is a statistical analysis of the same example simulation run, indicating that:

For the non-AAS case, overload occurs for >10% of the time of the simulation.

For the AAS case, overload is reduced to approximately 2% of the time of the simulation.




Figure 19:	Statistical analysis of a simulation

[image: ]

Legend:  – overload margin non AAS			 	– desensitisation margin non AAS

			-- false detection margin non AAS		-- overload margin AAS



[bookmark: _Study_comparison][bookmark: _Ref39822756][bookmark: _Toc43374481][bookmark: _Toc44683889][bookmark: _Toc45791699]Study comparison

This section examines studies conducted by other organisations. The methods, parameters, and conclusions are summarised and compared to the ACMA study.

[bookmark: _Toc43374482][bookmark: _Toc44683890][bookmark: _Toc45791700]Ofcom study

The Ofcom study methodology is similar to the ICAO and the ACMA static study method, but with different parameters used for the base station.

The following parameters, where known, reasons for difference and difference in results were observed.

		Parameter

		ACMA study value

		Ofcom study value

		Reason for difference 

		Difference in results



		Macro BS gain (non-AAS)

		18 dBi

		8 dBi and 16 dBi

		To align with ITU-R M.2292-0 and likely local use. 

		Will vary, a higher antenna gain will increase overload in main beam



		Macro BS EIRP (non-AAS)

		66 dBm/5 MHz peak (48 dBm/5 MHz TRP plus antenna gain)

		45 dBm/40 MHz (= 36 dBm/5 MHz)

		To align with 
3.6 GHz band spectrum licence TRP limit of 48 dBm/5 MHz and likely local use in band

		May make all interference mechanisms worse by up to 30 dB



		Macro BS spurious emissions (non-AAS)

		-12 dBm/1 MHz peak in the 4200–4400 MHz band (-30dB/1 MHz TRP plus antenna gain)

		10 dB better than the CEPT Block Edge Mask (BEM), varies with peak EIRP so -27 dBm/5 MHz = 
-34 dBm/1 MHz

		To align with 3.6 GHz band spectrum licence limit and likely local use in band

		May make receiver sensitivity and false altitude report figures worse by up to 22 dB







Based on the assessment above, it can be expected that the ACMA study will show a higher likelihood of interference to radio altimeters from WBB than the Ofcom study. This is largely due to the higher BS power levels and higher BS spurious levels assumed.




[bookmark: _Toc43374483][bookmark: _Toc44683891][bookmark: _Toc45791701]Japan MIC study

An English language summary paper6 of the Japan MIC study was presented at the ICAO FSMP-WG/7 meeting. The conclusions of the paper are below.

		Summary



		In order to evaluate adjacent frequency band compatibility between radio altimeters and 5G mobile communication systems using the 3.7 GHz and 4.5 GHz band, Japan competent authority conducted a compatibility study taking into account positional relation between a radio altimeter (RA) and base stations (BSs) or land mobile stations (MSs) of 5G systems at vicinity of airport and heliport.

The following outline and technical conditions were derived regarding installation of BSs through the coexistence study. 

Installation of BSs should be avoided within a separation distance of 200 m from the airplane approach area at vicinity of an airport. This vicinity means an area of about 1 km separation from the airport.

To decrease unwanted emissions of a BS, a filter insertion into the BS should be applied, while keeping about 100 MHz separation between the edge of frequencies for RAs and 5G systems.

Installation of BSs should be avoided within the same or adjacent areas where being recognized as a heliport. More specifically, a separation distance between a small-cell BS and a heliport should be more than 20 m. Similarly, a separation distance between a macro-cell BS and a heliport should be more than 50 m. These separation distances can be secured horizontally and/or vertically.







The study method was quite complex and used statistical modelling and analysis of beamforming BS antenna patterns. Consequently, the results cannot be directly compared with the ACMA study. However, the study conclusions indicate that interference was expected without mitigation methods being used. This conclusion is similar to the ACMA’s.






[bookmark: _Toc43374484][bookmark: _Toc44683892][bookmark: _Toc45791702]Study submitted to the FCC

FCC document FCC 20-22A1[footnoteRef:20] , the Report and order and order of proposed modification in the matter of Expanding Flexible Use of the 3.7 to 4.2 GHz Band considered submissions in relation to interference to radio altimeters. [20:  https://docs.fcc.gov/public/attachments/FCC-20-22A1.pdf ] 


A study was received from the Aerospace Vehicle Systems Institute (AVSI). The AVSI study[footnoteRef:21] and further filings[footnoteRef:22] detail a laboratory study of simulated 5G and other nearby altimeter waveforms affecting different real radio altimeters. The FCC concluded that ‘the AVSI study does not demonstrate that harmful interference would likely result under reasonable scenarios’ but does agree that ‘further analysis is warranted on why there may even be a potential for some interference’. [21:  https://ecfsapi.fcc.gov/file/102214765103/AVSI%20RA%20Interim%20OOB%20Interference%20Report.pdf ]  [22:  https://ecfsapi.fcc.gov/file/10204213574734/AFE%2076s2%20Supplemental%20Report.pdf ] 


The study notes that ‘it is known to be extremely rare for RA performance to be degraded as a result of OoBI (out of band interference), and any such instances are most often due to installation issues’. Note that, currently, there is no significant WBB[footnoteRef:23] use in the USA between 2690 MHz and the 3700–4200 MHz band, but the CBRS band is currently being implemented. (Above 4200 MHz there is the Public Safety Land Mobile (PSLM) at 4940–4990 MHz.)  [23:  By examining the FCC wireless services summary at https://www.fcc.gov/wireless-services or the spectrum table at https://transition.fcc.gov/oet/spectrum/table/fcctable.pdf ] 


Given that the ACMA study shows that the potential for interference could already exist in the 2690 MHz band and even as low as other bands used in the US such as 2100 MHz and 2300 MHz yet interference is noted to be extremely rare, this may indicate that the current ACMA assumptions about altimeter performance are too conservative.

Some of the FCC criticisms of the AVSI study appear valid in that it is not able to separate the potential interference contribution of 5G from the other potential altimeter interferers, the 5G waveform out of band emissions are high at approximately -40 dBc and the method is not able to separate the receiver out of band from receiver in band potential interference. Consequently, the study may not represent a reasonable scenario or be able to determine methods of mitigation.

In addition, the altimeter loop losses between the transmitter and the receiver (the assumed propagation loss in the laboratory setup between transmitter and receiver) are high for the worst-case scenario. For example, ACMA study figures Figure 18 and Figure 19 estimate the receiver radio altimeter level from the altimeter transmitter as 
approximately -56 dBm at the worst interference point above the base station. This is equivalent to a loop loss of approximately 76 dB. The AVSI study used a value of 96 dB. The used value in the AVSI study may then not be representative of a reasonable case.

However, on face value the AVSI studies conclude that, for example, false altitude reports occur significantly if a PSD of at least -25 dBm/MHz is present at 3700–3800 MHz at the altimeter receiver port. The ACMA static study results indicate that this value is never likely to be reached if 5G is used in that segment. The worst value observed in the ACMA study was -31 dBm/5 MHz, equivalent to -38 dBm/MHz. As per the AVSI study, that interference level may only cause errors if a 5G signal is present across the whole of 3700–4100 MHz. 
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relative gain (dB)







overload level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-69.226648285969659	-68.934152183991856	-68.65026928890687	-68.382410881488298	-68.141795721845156	-67.907275876722281	-67.595510723795783	-67.359379690464209	-67.259614654572303	-66.840143510282601	-65.512439775101399	-63.858910170835131	-61.678520448515769	-58.543833849254327	-53.365268191276698	-42.971763161100007	-31.984904026364383	-42.520672013354265	-51.508865459263227	-56.766649130751361	-60.132749008359482	-62.567037356817728	-64.462308841954467	-66.010709028866586	-67.318668119981567	-68.450681968938582	-69.448564363358656	-70.340879997346221	-71.147971169480741	-71.884821899556812	-72.562781337013945	-73.190648781987278	-73.775383324952855	-74.32258330719786	-74.83681947006437	-75.321872157738184	-75.780903861708381	-76.216587131440008	-76.631201009248826	-77.026704840807241	-77.404795542324024	-77.766952582155767	-78.114473709663599	-78.448503625626103	-78.770057204674231	-79.080038467287324	-79.379256202626863	-79.668436928097975	-79.948235713012195	-80.219245275735616	-80.482003674951329	-80.737000848243426	-80.984684199520927	-81.225463396832069	-81.459714510964105	-81.687783600754045	-81.909989831679695	-82.126628198884688	-82.337971913438281	-82.544274500669928	-82.745771651341173	-82.942682859834605	-83.135212878143307	-83.323553010000751	-83.507882265817472	-83.688368396034491	-83.865168817957041	-84.038431448995368	-84.208295457444052	-84.374891940415466	-84.538344537258183	-84.698769985698746	-84.856278627015527	-85.010974865755344	-85.162957588820333	-85.312320548164465	-85.459152710831233	-85.603538579624612	-85.745558487324359	-85.885288867025224	-86.022802500890478	-86.158168749357884	-86.29145376261468	-86.422720675964257	-86.552029790536352	-86.679438740642141	-86.805002648942079	-86.928774270477945	-87.05080412651489	-87.171140629047585	-87.289830196741775	-87.406917363009597	-87.522444876850528	-87.636453797032459	-87.748983580134052	-87.86007216292262	-87.969756039499941	-88.078070333609944	-88.185048866468222	-88.290724220442399	-88.395127798884175	desens level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-144.21634832932983	-143.92385222735203	-143.63996933226704	-143.3721109248485	-143.13149576520533	-142.8969759200825	-142.58521076715596	-142.3490797338244	-142.2493146979325	-141.8298435536428	-140.50213981846156	-138.84861021419533	-136.66822049187596	-133.53353389261451	-128.35496823463689	-117.9614632044602	-106.97460406972456	-117.51037205671446	-126.49856550262342	-131.75634917411153	-135.12244905171968	-137.55673740017789	-139.45200888531465	-141.00040907222677	-142.30836816334173	-143.44038201229878	-144.43826440671884	-145.33058004070642	-146.13767121284093	-146.874521942917	-147.55248138037416	-148.18034882534747	-148.76508336831301	-149.31228335055806	-149.82651951342456	-150.31157220109833	-150.77060390506858	-151.20628717480022	-151.62090105260899	-152.01640488416743	-152.39449558568418	-152.75665262551595	-153.10417375302379	-153.43820366898626	-153.75975724803442	-154.06973851064748	-154.36895624598702	-154.65813697145813	-154.93793575637238	-155.20894531909585	-155.47170371831152	-155.7267008916036	-155.97438424288111	-156.21516344019224	-156.44941455432428	-156.67748364411423	-156.89968987503991	-157.11632824224486	-157.3276719567985	-157.53397454403012	-157.73547169470135	-157.93238290319476	-158.12491292150347	-158.31325305336094	-158.49758230917769	-158.67806843939465	-158.85486886131721	-159.02813149235553	-159.19799550080424	-159.36459198377565	-159.5280445806184	-159.68847002905892	-159.84597867037573	-160.0006749091155	-160.15265763218051	-160.30202059152464	-160.44885275419145	-160.59323862298479	-160.73525853068452	-160.87498891038538	-161.01250254425065	-161.14786879271807	-161.28115380597484	-161.41242071932442	-161.54172983389654	-161.66913878400234	-161.79470269230225	-161.91847431383812	-162.04050416987508	-162.16084067240777	-162.27953024010199	-162.39661740636978	-162.51214492021072	-162.62615384039265	-162.73868362349427	-162.84977220628278	-162.95945608286013	-163.06777037697012	-163.17474890982839	-163.28042426380259	-163.38482784224436	false detect level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-187.22664828596965	-186.93415218399184	-186.65026928890686	-186.38241088148828	-186.14179572184514	-185.90727587672228	-185.59551072379577	-185.35937969046421	-185.25961465457232	-184.84014351028262	-183.51243977510137	-181.85891017083512	-179.67852044851577	-176.54383384925433	-171.3652681912767	-160.9717631611	-149.9849040263644	-160.52067201335427	-169.50886545926323	-174.76664913075135	-178.13274900835947	-180.56703735681771	-182.46230884195447	-184.01070902886659	-185.31866811998154	-186.45068196893857	-187.44856436335866	-188.34087999734624	-189.14797116948077	-189.88482189955684	-190.56278133701394	-191.19064878198731	-191.77538332495286	-192.32258330719787	-192.83681947006437	-193.3218721577382	-193.7809038617084	-194.21658713144001	-194.63120100924883	-195.02670484080724	-195.40479554232402	-195.76695258215577	-196.11447370966363	-196.4485036256261	-196.77005720467423	-197.08003846728732	-197.37925620262686	-197.66843692809795	-197.9482357130122	-198.21924527573563	-198.4820036749513	-198.73700084824341	-198.98468419952093	-199.22546339683208	-199.45971451096412	-199.68778360075405	-199.90998983167972	-200.1266281988847	-200.33797191343828	-200.54427450066993	-200.74577165134116	-200.9426828598346	-201.13521287814331	-201.32355301000075	-201.50788226581747	-201.68836839603449	-201.86516881795703	-202.03843144899537	-202.20829545744405	-202.37489194041547	-202.53834453725818	-202.69876998569873	-202.85627862701551	-203.01097486575534	-203.16295758882035	-203.31232054816445	-203.45915271083123	-203.60353857962463	-203.74555848732433	-203.88528886702522	-204.02280250089046	-204.15816874935788	-204.29145376261468	-204.42272067596426	-204.55202979053635	-204.67943874064215	-204.80500264894209	-204.92877427047796	-205.05080412651489	-205.17114062904756	-205.28983019674178	-205.4069173630096	-205.52244487685053	-205.63645379703246	-205.74898358013405	-205.86007216292262	-205.96975603949994	-206.07807033360996	-206.18504886646821	-206.2907242204424	-206.39512779888418	overload thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	desens thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	false detect thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1600	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	9300	9400	9500	9600	9700	9800	9900	10000	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	aircraft distance from landing (m)





level (dBm)









overload level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-63.902692337289324	-63.368352968266336	-62.803023061936941	-62.203722612391388	-61.567365619175064	-60.852585783668289	-59.946565846902431	-58.957592419932098	-57.875844381282548	-56.695326044034815	-55.424529184145015	-54.119347144773457	-52.995779127237043	-52.891627121682788	-50.75581885178326	-41.572153778874544	-38.349608147931278	-34.473816582123554	-32.876027810966974	-33.688862781582536	-36.584161886737121	-34.05172844229871	-33.504957415222258	-34.130655879987096	-37.651191424661214	-40.620659786195112	-49.66479071970987	-54.217625432306022	-57.093226260734191	-59.133885849558673	-59.339446660293881	-59.815109540422284	-60.39477586189814	-61.006886232452288	-61.618872752794928	-62.215699087910551	-62.790697113135906	-63.341349263193059	-63.867233936925771	-64.368981377836974	-64.847726986290539	-65.304819920498772	-65.741667065886091	-66.159650574685998	-66.560086069649614	-66.9442035169142	-67.313140717698545	-67.66794371687665	-68.009570860783882	-68.338898624795988	-68.656728134457282	-68.963791773608847	-69.260759549279811	-69.548245045796747	-69.826810895791027	-70.096973750659387	-70.35920876368462	-70.613953615149157	-70.86161211624534	-71.102557430977072	-71.337134954739497	-71.565664886183882	-71.788444526126625	-72.005750334123391	-72.217839770179722	-72.424952946061381	-72.627314107883123	-72.825132969123871	-73.018605910945539	-73.207917064677673	-73.393239289545548	-73.574735057151798	-73.752557252845321	-73.926849902904763	-74.097748835409377	-74.265382281745786	-74.429871424892227	-74.591330899914311	-74.74986925148778	-74.905589352719275	-75.058588789062966	-75.208960210709193	-75.356791656456011	-75.502166851749024	-75.645165483290583	-75.785863452366044	-75.924333108812789	-76.060643467360137	-76.194860407893188	-76.32704686103807	-76.457262980328906	-76.585566302092786	-76.712011894080206	-76.836652493770174	-76.959538637191912	-77.080718779027023	-77.200239404685149	-77.318145134984135	-77.434478824008181	-77.549281650667496	-77.662593204436135	desens level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-125.50400039274973	-124.96966102372673	-124.40433111739735	-123.80503066785178	-123.16867367463547	-122.4538938391287	-121.54787390236284	-120.55890047539251	-119.47715243674295	-118.29663409949522	-117.02583723960542	-115.72065520023385	-114.59708718269746	-114.4929351771432	-112.35712690724365	-103.17346183433494	-99.950916203391685	-96.075124637583968	-94.477335866427381	-95.29017083704295	-98.185469942197528	-95.653036497759118	-95.106265470682672	-95.731963935447496	-99.252499480121628	-102.22196784165553	-111.26609877517029	-115.81893348776643	-118.69453431619459	-120.73519390501909	-120.94075471575428	-121.41641759588268	-121.99608391735855	-122.6081942879127	-123.22018080825534	-123.81700714337094	-124.39200516859633	-124.94265731865346	-125.46854199238618	-125.97028943329738	-126.44903504175093	-126.90612797595918	-127.34297512134651	-127.7609586301464	-128.16139412511001	-128.54551157237464	-128.91444877315894	-129.26925177233704	-129.6108789162443	-129.94020668025638	-130.25803618991768	-130.56509982906925	-130.86206760474022	-131.14955310125714	-131.42811895125143	-131.69828180611978	-131.96051681914503	-132.21526167060958	-132.46292017170575	-132.70386548643748	-132.9384430101999	-133.1669729416443	-133.38975258158703	-133.60705838958378	-133.81914782564013	-134.02626100152179	-134.22862216334352	-134.42644102458428	-134.61991396640596	-134.80922512013808	-134.99454734500597	-135.17604311261221	-135.35386530830573	-135.52815795836517	-135.69905689086977	-135.86669033720619	-136.03117948035265	-136.19263895537472	-136.35117730694819	-136.50689740817967	-136.65989684452336	-136.8102682661696	-136.95809971191642	-137.10347490720943	-137.24647353875102	-137.38717150782645	-137.52564116427317	-137.66195152282054	-137.79616846335361	-137.92835491649848	-138.0585710357893	-138.18687435755319	-138.31331994954061	-138.43796054923058	-138.56084669265232	-138.68202683448743	-138.80154746014554	-138.91945319044453	-139.03578687946859	-139.1505897061279	-139.26390125989656	false detect level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-168.51430034938954	-167.97996098036654	-167.41463107403717	-166.81533062449159	-166.17897363127528	-165.46419379576849	-164.55817385900264	-163.56920043203232	-162.48745239338277	-161.30693405613505	-160.03613719624525	-158.73095515687368	-157.60738713933728	-157.50323513378299	-155.36742686388345	-146.18376179097476	-142.96121616003148	-139.08542459422378	-137.48763582306719	-138.30047079368276	-141.19576989883734	-138.66333645439892	-138.11656542732248	-138.74226389208729	-142.26279943676144	-145.23226779829534	-154.2763987318101	-158.82923344440624	-161.7048342728344	-163.7454938616589	-163.95105467239409	-164.42671755252249	-165.00638387399835	-165.61849424455249	-166.23048076489516	-166.82730710001076	-167.40230512523613	-167.95295727529327	-168.47884194902599	-168.98058938993719	-169.45933499839074	-169.91642793259899	-170.35327507798632	-170.77125858678622	-171.17169408174982	-171.55581152901445	-171.92474872979875	-172.27955172897686	-172.62117887288412	-172.95050663689619	-173.26833614655749	-173.57539978570907	-173.87236756138003	-174.15985305789695	-174.43841890789125	-174.70858176275959	-174.97081677578484	-175.22556162724939	-175.47322012834556	-175.71416544307729	-175.94874296683972	-176.17727289828412	-176.40005253822684	-176.6173583462236	-176.82944778227994	-177.0365609581616	-177.23892211998333	-177.43674098122409	-177.63021392304577	-177.81952507677789	-178.00484730164578	-178.18634306925202	-178.36416526494554	-178.53845791500498	-178.70935684750958	-178.87699029384601	-179.04147943699246	-179.20293891201453	-179.361477263588	-179.51719736481948	-179.67019680116317	-179.82056822280941	-179.96839966855623	-180.11377486384924	-180.25677349539083	-180.39747146446626	-180.53594112091298	-180.67225147946036	-180.80646841999342	-180.93865487313829	-181.06887099242911	-181.19717431419301	-181.32361990618043	-181.44826050587039	-181.57114664929213	-181.69232679112724	-181.81184741678535	-181.92975314708434	-182.0460868361084	-182.16088966276772	-182.27420121653637	overload thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	desens thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	false detect thresh	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	radalt rx level	0	100	200	300	400	500	600	700	800	900	1000	1100	1200	1300	1400	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1800	1900	2000	2100	2200	2300	2400	2500	2600	2700	2800	2900	3000	3100	3200	3300	3400	3500	3600	3700	3800	3900	4000	4100	4200	4300	4400	4500	4600	4700	4800	4900	5000	5100	5200	5300	5400	5500	5600	5700	5800	5900	6000	6100	6200	6300	6400	6500	6600	6700	6800	6900	7000	7100	7200	7300	7400	7500	7600	7700	7800	7900	8000	8100	8200	8300	8400	8500	8600	8700	8800	8900	9000	9100	9200	-11.52678554779688	-31.93530060874242	-37.955900522022048	-41.477725703135668	-43.976500435301666	-45.914700695462798	-47.498325616415293	-48.837261409027555	-49.997100348581291	-51.02015079752892	-51.935300608742416	-52.763154311906924	-53.518925529694918	-54.214167654879155	-54.85786132230718	-55.457125789856043	-55.572172367637869	-55.68571502547168	-55.79779257583165	-55.908442347830878	-56.017700261860917	-56.125600899595042	-56.232177569696375	-56.337462369543523	-56.441486243259675	-56.544279036307898	-57.040750710808538	-57.510372627799001	-57.955900522022041	-58.379686503420807	-58.783754225186549	-59.169857329094278	-59.539525442974544	-59.894100782183173	-60.23476756815878	-60.562575891922165	-60.878461235586805	-61.183260566721543	-61.477725703135668	-61.762534485427878	-62.038300175140542	-62.305579406300168	-62.564878949587523	-62.81666149574793	-63.061350624088163	-63.299335090082316	-63.530972541078626	-63.756592749272407	-63.976500435301666	-64.19097774313714	-64.400286416700425	-64.604669720334144	-64.804354138466181	-64.999550884249288	-65.190457242373895	-65.377257767456769	-65.560125356254161	-65.739222209312686	-65.914700695462798	-66.08670413070115	-66.255367481438412	-66.420818000758203	-66.58317580520179	-66.742554398627306	-66.899061148866423	-67.052797722192253	-67.203860480001168	-67.352340841585303	-67.498325616415286	-67.641897308957766	-67.783134398707503	-67.922111597814052	-68.05890008842016	-68.193567741599537	-68.326179319579794	-68.456796662758947	-68.585478862867149	-68.712282423487522	-68.837261409027548	-68.960467583123929	-69.081950537367788	-69.201757811151538	-69.319935003361934	-69.436525876576411	-69.551572454358251	-69.665115112192069	-69.777192662552039	-69.88784243455126	-69.997100348581284	-70.105000986315417	-70.21157765641675	-70.316862456263905	-70.42088632998005	-70.523679123028273	-70.625269633613769	-70.725685661114795	-70.824954051745792	-70.923100741640681	-71.020150797528913	-71.116128455164301	-71.211057155653521	aircraft distance from landing (m)





level (dBm)









overload level	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-93.59423807834203	-92.896944128925625	-92.140028676652506	-91.181977560239019	-90.05188010394096	-88.765577269401987	-87.276181913837519	-85.513515255723121	-83.366943418425095	-80.650916993398937	-77.033718364569822	-71.931910332767529	-65.734504398432676	-56.432469335240931	-66.981633680552008	-71.139574845913614	-75.32078370918714	-78.450993751717704	-80.870237804520201	-82.818072669500651	-84.438691372331363	-85.821632341054311	-87.02524437584637	-88.089285321021705	-89.041899043573693	-89.903659546352131	-90.690021654035178	-91.412866636441876	-92.081511859221592	-92.703390901974856	-93.28452420853182	-93.829852602533094	-94.343478642009984	-94.828844575985201	-95.288865769726684	-95.726032258583047	-96.142487101674618	-96.540087586232204	-96.920453576847365	-97.28500610472129	-97.634998459481551	-97.971541459204673	-98.295624154576757	-98.60813091904491	-98.909855653812016	-99.201513671134819	-99.483751695423678	-99.757156327816631	-100.02226124823557	-100.27955337371485	-100.52947814891058	-100.77244411113685	-101.00882684582253	-101.23897242729169	-101.46320042300461	-101.68180652592778	-101.89506486881652	-102.1032300653486	-102.30653901582622	-102.5052125092342	-102.69945664855409	-102.88946412218519	-103.07541534095461	-103.25747945738549	-103.43581528153334	-103.61057210571452	-103.78189044877357	-103.94990272911497	-104.11473387451488	-104.27650187569742	-104.43531828977697	-104.5912886989112	-104.74451312885552	-104.89508643154856	-105.04309863537119	-105.18863526629694	-105.3317776427869	-105.47260314696004	-105.61118547429054	-105.74759486383832	-105.88189831080463	-106.01415976301351	-106.14444030275602	-106.27279831528406	-106.39928964511225	-106.52396774117038	-106.64688379174643	-106.76808685006917	-106.88762395129795	-107.00554022161526	-107.12187898005274	-107.23668183362311	-107.34998876627917	-107.4618382221732	-107.57226718365054	-107.68131124436988	-107.78900467791242	-107.89538050220861	-108.0004705400849	-108.10430547620737	-108.20691491067616	desens level	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-144.58393812170223	-143.8866441722858	-143.12972872001268	-142.17167760359919	-141.04158014730115	-139.75527731276219	-138.26588195719771	-136.50321529908331	-134.3566434617853	-131.64061703675912	-128.02341840793002	-122.92161037612772	-116.72420444179286	-107.42216937860113	-117.97133372391221	-122.1292748892738	-126.31048375254733	-129.44069379507789	-131.85993784788039	-133.80777271286084	-135.42839141569155	-136.8113323844145	-138.01494441920656	-139.07898536438188	-140.03159908693388	-140.8933595897123	-141.67972169739537	-142.40256667980205	-143.07121190258178	-143.69309094533506	-144.27422425189198	-144.81955264589328	-145.33317868537017	-145.8185446193454	-146.27856581308686	-146.71573230194321	-147.13218714503481	-147.52978762959239	-147.91015362020755	-148.27470614808149	-148.62469850284171	-148.96124150256486	-149.28532419793697	-149.59783096240508	-149.89955569717219	-150.19121371449501	-150.47345173878387	-150.74685637117682	-151.01196129159575	-151.26925341707505	-151.51917819227077	-151.76214415449704	-151.99852688918273	-152.22867247065187	-152.45290046636478	-152.67150656928797	-152.88476491217671	-153.0929301087088	-153.29623905918641	-153.49491255259437	-153.68915669191426	-153.87916416554538	-154.06511538431479	-154.24717950074566	-154.42551532489352	-154.6002721490747	-154.77159049213375	-154.93960277247515	-155.1044339178751	-155.26620191905761	-155.42501833313716	-155.58098874227136	-155.7342131722157	-155.88478647490874	-156.03279867873138	-156.17833530965711	-156.32147768614709	-156.46230319032023	-156.60088551765074	-156.73729490719853	-156.87159835416483	-157.00385980637373	-157.13414034611623	-157.26249835864422	-157.38898968847241	-157.51366778453058	-157.63658383510659	-157.75778689342937	-157.87732399465816	-157.99524026497545	-158.11157902341293	-158.22638187698331	-158.33968880963937	-158.4515382655334	-158.56196722701071	-158.67101128773007	-158.77870472127259	-158.8850805455688	-158.99017058344509	-159.09400551956756	-159.19661495403636	false detect level	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-187.59423807834204	-186.89694412892561	-186.14002867665249	-185.18197756023901	-184.05188010394096	-182.765577269402	-181.27618191383752	-179.51351525572312	-177.36694341842511	-174.65091699339894	-171.03371836456984	-165.93191033276753	-159.73450439843268	-150.43246933524094	-160.98163368055202	-165.13957484591361	-169.32078370918714	-172.4509937517177	-174.8702378045202	-176.81807266950065	-178.43869137233136	-179.82163234105431	-181.02524437584637	-182.08928532102169	-183.04189904357369	-183.90365954635212	-184.69002165403518	-185.41286663644186	-186.08151185922159	-186.70339090197487	-187.28452420853179	-187.82985260253309	-188.34347864200998	-188.82884457598522	-189.28886576972667	-189.72603225858302	-190.14248710167462	-190.5400875862322	-190.92045357684736	-191.2850061047213	-191.63499845948152	-191.97154145920467	-192.29562415457679	-192.6081309190449	-192.909855653812	-193.20151367113482	-193.48375169542368	-193.75715632781663	-194.02226124823557	-194.27955337371486	-194.52947814891058	-194.77244411113685	-195.00882684582254	-195.23897242729169	-195.46320042300459	-195.68180652592778	-195.89506486881652	-196.10323006534861	-196.30653901582622	-196.50521250923418	-196.69945664855408	-196.88946412218519	-197.07541534095461	-197.25747945738547	-197.43581528153334	-197.61057210571451	-197.78189044877357	-197.94990272911497	-198.11473387451491	-198.27650187569742	-198.43531828977697	-198.59128869891117	-198.74451312885552	-198.89508643154855	-199.04309863537119	-199.18863526629693	-199.3317776427869	-199.47260314696004	-199.61118547429055	-199.74759486383834	-199.88189831080464	-200.01415976301354	-200.14444030275604	-200.27279831528404	-200.39928964511222	-200.5239677411704	-200.6468837917464	-200.76808685006918	-200.88762395129797	-201.00554022161526	-201.12187898005274	-201.23668183362312	-201.34998876627918	-201.46183822217321	-201.57226718365052	-201.68131124436988	-201.7890046779124	-201.89538050220861	-202.0004705400849	-202.10430547620737	-202.20691491067618	overload thresh	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	desens thresh	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	false detect thresh	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	aircraft distance from landing (m)





level (dBm)









overload level	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-99.900534928016256	-99.373903019274621	-98.708472175877588	-97.970763754098186	-97.167931469813624	-96.287854371361789	-95.314802899385356	-94.227895111926642	-92.998653795394347	-91.586972422155057	-89.934105195855153	-87.949708605586906	-85.485989541761597	-82.280989802440615	-77.818688735705535	-70.938664887460348	-58.89133473966529	-45.482815286331217	-58.098920764465419	-68.88892172137912	-75.207425798907678	-79.382359807486182	-82.417679731942371	-84.770698110567039	-86.677622594023845	-88.273419903885639	-89.64139583004048	-90.836136014438893	-91.895139238983646	-92.845169033991141	-93.705936694562041	-94.492345813767841	-95.215918406764004	-95.885733696033199	-96.509065176810225	-97.091824494567049	-97.638877946996885	-98.154276810843882	-98.641428021636344	-99.103222719317415	-99.542134482510988	-99.960295394758134	-100.35955565456773	-100.74153080230823	-101.10763951241073	-101.45913411492214	-101.79712545497259	-102.12260329988986	-102.43645321364259	-102.73947060483994	-103.03237249568886	-103.31580743991373	-103.59036392702244	-103.85657754090579	-104.11493708716179	-104.36588986181813	-104.6098462014119	-104.84718342854704	-105.07824928651286	-105.3033649401147	-105.52282760664734	-105.73691287023971	-105.94587672409516	-106.14995737803115	-106.34937686287294	-106.54434245842567	-106.73504796774552	-106.92167485709537	-107.1043932781833	-107.28336298694222	-107.45873417113806	-107.63064819742782	-107.79923828707591	-107.96463012833338	-108.12694243245917	-108.28628743948235	-108.44277137904923	-108.59649489104974	-108.74755341015508	-108.89603751791299	-109.04203326562444	-109.18562247085963	-109.3268829901493	-109.46588897010862	-109.60271107900572	-109.73741672057088	-109.87007023165384	-110.00073306516923	-110.12946395962325	-110.25631909638341	-110.38135224573865	-110.50461490269328	-110.62615641334789	-110.74602409263819	-110.86426333413061	-110.98091771250822	-111.09602907932245	-111.2096376525345	-111.32178210032239	-111.43249961958884	-111.54182600956592	desens level	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-149.89023497137643	-149.36360306263481	-148.69817221923779	-147.96046379745837	-147.15763151317384	-146.27755441472198	-145.30450294274556	-144.21759515528683	-142.98835383875453	-141.57667246551523	-139.92380523921534	-137.93940864894708	-135.47568958512178	-132.2706898458008	-127.80838877906572	-120.92836493082054	-108.88103478302547	-95.472515329691404	-108.08862080782561	-118.87862176473929	-125.19712584226787	-129.37205985084637	-132.40737977530256	-134.76039815392724	-136.66732263738402	-138.26311994724583	-139.63109587340068	-140.82583605779908	-141.88483928234382	-142.83486907735133	-143.69563673792223	-144.48204585712801	-145.20561845012421	-145.8754337393934	-146.49876522017041	-147.08152453792724	-147.62857799035709	-148.14397685420406	-148.63112806499655	-149.0929227626776	-149.53183452587115	-149.94999543811829	-150.34925569792793	-150.73123084566842	-151.09733955577093	-151.4488341582823	-151.78682549833277	-152.11230334325006	-152.4261532570028	-152.72917064820012	-153.02207253904908	-153.30550748327394	-153.58006397038264	-153.84627758426598	-154.10463713052195	-154.35558990517831	-154.59954624477206	-154.83688347190724	-155.06794932987304	-155.29306498347492	-155.51252765000754	-155.72661291359987	-155.93557676745536	-156.13965742139132	-156.33907690623315	-156.53404250178585	-156.7247480111057	-156.91137490045554	-157.09409332154345	-157.27306303030241	-157.44843421449823	-157.62034824078799	-157.78893833043611	-157.95433017169358	-158.11664247581936	-158.27598748284251	-158.43247142240944	-158.58619493440995	-158.73725345351525	-158.88573756127317	-159.0317333089846	-159.1753225142198	-159.31658303350946	-159.4555890134688	-159.59241112236592	-159.72711676393104	-159.85977027501403	-159.99043310852943	-160.11916400298344	-160.24601913974359	-160.37105228909886	-160.49431494605346	-160.61585645670806	-160.7357241359984	-160.8539633774908	-160.9706177558684	-161.08572912268266	-161.19933769589466	-161.31148214368258	-161.422199662949	-161.5315260529261	false detect level	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-192.90053492801624	-192.37390301927462	-191.7084721758776	-190.97076375409819	-190.16793146981365	-189.28785437136179	-188.31480289938537	-187.22789511192664	-185.99865379539435	-184.58697242215504	-182.93410519585515	-180.94970860558689	-178.4859895417616	-175.28098980244062	-170.81868873570554	-163.93866488746033	-151.8913347396653	-138.48281528633123	-151.09892076446542	-161.88892172137912	-168.20742579890768	-172.38235980748618	-175.41767973194237	-177.77069811056705	-179.67762259402383	-181.27341990388564	-182.64139583004049	-183.83613601443889	-184.89513923898363	-185.84516903399114	-186.70593669456204	-187.49234581376783	-188.21591840676402	-188.88573369603321	-189.50906517681022	-190.09182449456705	-190.6388779469969	-191.15427681084387	-191.64142802163636	-192.10322271931742	-192.54213448251096	-192.96029539475811	-193.35955565456774	-193.74153080230823	-194.10763951241074	-194.45913411492211	-194.79712545497259	-195.12260329988987	-195.43645321364261	-195.73947060483994	-196.03237249568889	-196.31580743991375	-196.59036392702245	-196.85657754090579	-197.11493708716176	-197.36588986181812	-197.60984620141187	-197.84718342854705	-198.07824928651286	-198.30336494011473	-198.52282760664735	-198.73691287023968	-198.94587672409517	-199.14995737803113	-199.34937686287296	-199.54434245842566	-199.73504796774552	-199.92167485709535	-200.10439327818327	-200.28336298694222	-200.45873417113805	-200.6306481974278	-200.79923828707592	-200.9646301283334	-201.12694243245917	-201.28628743948232	-201.44277137904925	-201.59649489104976	-201.74755341015506	-201.89603751791299	-202.04203326562441	-202.18562247085961	-202.32688299014927	-202.46588897010861	-202.60271107900573	-202.73741672057085	-202.87007023165384	-203.00073306516924	-203.12946395962325	-203.25631909638341	-203.38135224573867	-203.50461490269328	-203.62615641334787	-203.74602409263821	-203.86426333413061	-203.98091771250822	-204.09602907932248	-204.20963765253447	-204.32178210032239	-204.43249961958881	-204.54182600956591	overload thresh	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	-56	desens thresh	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	-110.98970004336019	false detect thresh	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	-143	aircraft distance from landing (m)
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‘Where:

Pgy = Pry + Flpy + Gry(8) + FSL + Ggy () + Flgy

Pgo=Power at the receiver input

Pr,=Power at the transmitter output

Fly,= Feeder loss at transmitter

Gr,(®)=Transmitter antenna gain at incident angle
FSL=Freespace loss propagation (ITU-R Recommendation P.
Gpy(@)=Receiver antenna gain at incident angle @

Flg,= Cable loss at receiver
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